IMPORTANCE Substantial numbers of hospitalists are fresh graduates of residency training programs. Current data about the effect of hospitalist years of experience on patient outcomes are lacking.
S tarting in the 1990s. the shift to managed care and pressures to reduce hospital costs in the United States coincided with the growth of hospitalists. [1] [2] [3] [4] Since then, the total number and percentage of Medicare beneficiaries cared for by hospitalists have been increasing. 4, 5 The potential advantages of hospitalist care stem from greater access to and expertise of physicians concentrating on inpatient care. 1, 3, 6 A physician specializing in hospital medicine should be more effective in initiating quick and appropriate treatment, as well as in recognizing and preventing complications. 1, 2 Hospitalists are also more likely to participate in multidisciplinary teams to address early discharge planning, quality of care, and patient safety. 7, 8 Hospitalists tend to have high turnover. 4, 8, 9 Many change their career by either switching to primary care medicine or starting their fellowship training. 4, 9 Some international medical graduates may spend 2 years as hospitalists in medically underserved areas to meet their visa requirement before pursuing other training. The turnover leads to substantial numbers of hospitalists who are early in their careers, frequently right out of residency. 4 This in turn raises concerns that the outcomes of care provided by inexperienced hospitalists might be different from care provided by more experienced hospitalists. This question has not been adequately studied.
In the current study, we characterized the years of experience of hospitalists practicing from January 2013 to December 2014. We then examined the association of patient mortality with the years of experience of the hospitalist providing their care, using a 5% sample of national Medicare data from January 2008 to December 2014. We hypothesized that adjusted 30-day postadmission mortality and hospital mortality would decline with increasing hospitalist experience.
Methods

Overview
We first used Medicare data from January 2007 to December 2013 to estimate the years of prior experience of hospitalists practicing from July 1, 2013 , to June 30, 2014 . July 1 defined the beginning of each year because it coincides with the start of the new academic year. Next, we constructed 3 cohorts of hospitalists who had their initial year of experience starting July 1, 2008 , through June 30, 2009 , July 1, 2009 , through June 30, 2010 , or July 1, 2010 , through June 30, 2011 , and who continued to work as hospitalists for 3 additional and consecutive years. We then assessed the mortality of the patients of those physicians over their first 4 years of experience as hospitalists. We restricted the analyses to physicians who practiced hospital medicine for at least 4 years to compare outcomes of the same hospitalists longitudinally as they gained additional experience. Approval for this study was granted by the University of Texas Medical Branch institutional review board.
Data Source
We used a 5% national sample of Medicare data from July 1, 2003 , through June 30, 2014 . These include the Medicare Denominator File for demographic and enrollment information, the Carrier File for physician claims, the Outpatient Statistical Analysis File for outpatient claims, the Medicare Provider Analysis and Review (MEDPAR) File for inpatient claims and the Provider of Service (POS) file for hospital characteristics.
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Study Patients
We first identified all acute hospitalizations with at least 3 days' length of stay that met the following criteria: (1) 66 years or older; (2) Medicare Part A and B coverage with no health maintenance organization (HMO) enrollment in the 12 months before the acute hospitalization; and (3) evaluation and management (E&M) charges during the hospitalization by a generalist physician (general internist, family physician, general practitioner, or geriatrician). We further limited the admission to those in which 1 hospitalist was responsible for at least 2 E&M charges, and also responsible for at least half of all inpatient E&M charges generated by generalist physicians, resulting in 304 579 hospitalizations. We also conducted sensitivity analyses with a cohort limited to hospitalizations with a medical Diagnosis-Related Group (DRG), using the selection criteria above (n = 238 723).
Identification of Hospitalists
As in our prior work, 4 hospitalists were defined as generalist physicians (general internist, family physician, general practitioner or geriatrician) who had at least 20 E&M billings in each year studied and at least 90% of the E&M billings in that year were from services to hospitalized patients. The percentage was calculated by using inpatient E&M billing codes (Current Procedural Terminology [99231] [99232] [99233] [99238] [99239] [99251] [99252] [99253] [99254] [99255] and outpatient E&M billings (99211) (99212) (99213) (99214) (99215) (99241) (99242) (99243) (99244) (99245) .
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This method has a sensitivity of 84% and positive predictive value of 89%, compared with self-identification.
Years of Experience of Hospitalists
For each year in which we assessed care by hospitalists, we conducted a 5-year look-back to determine how many years a given hospitalist had provided hospitalist services in the 5 years prior to the study year. In preliminary analyses, we explored different cut points of the minimum number of Medicare E&M billings and the percentage of those billings devoted to hospitalized patients. Our intent was to use looser criteria to identify years of prior experience than used in initially identifying hospitalists to avoid underestimating years of experience. The different cut points had minimal effect on the results. We chose a minimum of 10 E&M charges in a given year (from the 5% Medicare data) with at least 80% devoted to hospitalized patients. We also used the cut point of 50% or more of E&M visits generated on hospitalized patients in a sensitivity analysis.
Hospitalist Cohorts
For each of three years (July 1, 2008 to June 30, 2009 July 1, 2009 to June 30, 2010 and July 1, 2010 to June 30, 2011), we selected physicians who were in their first year as hospitalists. We also required that those physicians work as hospitalists for at least 3 additional and consecutive years. This produced a longitudinal cohort of 3860 physicians for whom we had data on their first 4 years of working as hospitalists. 
Measures
Study Outcomes
The primary outcome was 30-day posthospital admission mortality. We extracted death information from the Medicare Denominator File. We also assessed hospital mortality, as reported in MEDPAR as discharged dead.
Statistical Analysis
Descriptive analyses were used to summarize patient and hospital characteristics and mortality. We used multilevel We estimated the excess deaths attributed to first-year hospitalists in the longitudinal cohort as the product of the number of admissions cared for by first-year hospitalists multiplied by 20, to inflate from a 5% to a 100% sample, multiplied by the mean 30-day mortality rate, multiplied by 1 minus the adjusted odds ratio (OR) for 30-day mortality of second-vs firstyear hospitalists.
Results Table 1 summarizes the years of experience of the hospitalists identified as practicing in the most recent time period, July 1, 2013 , to June 30, 2014 . Of the 21 612 hospitalists, 2796 (12.9%) had no prior experience as hospitalists and 2649 (12.2%) had 1 year of prior experience. In contrast, 11 596 hospitalists (53.7%) had 4 or more years of experience.
In sensitivity analyses we liberalized the criteria defining years of experience to count any year when at least half of physician E&M charges were generated on hospitalized patients. Using this definition, 2490 hospitalists (11.5%) had no prior years of experience and 2468 (11.4%) had 1 year.
In this sample of 21 612 hospitalists working July 1, 2013 , to June 30, 2014 , there were significant differences in the types of patients seen and in the hospitals served, depending on the experience of the hospitalists ( Table 2 ). This was particularly true for hospital characteristics, with more experienced hospitalists working in smaller, nonacademic hospitals. For example, 55.6% of the hospitalizations cared for by hospitalists with 4 or more years' experience were in hospitals with no academic affiliation, compared with 49.7% of hospitalizations cared for by hospitalists in their first year. In contrast, only 19.3% of hospitalizations by the most experienced hospitalists were in hospitals with a major academic affiliation vs 25.3% for first year hospitalists, which is consistent with the higher turnover of hospitalists in academic hospitals. 14 Because of these differences, we restricted subsequent analyses to hospitalists whom we followed through the first 4 years of their experience as hospitalists. Our assumption was that there would be smaller differences in the types of patients and hospitals by year of experience in a cohort of a Data are from a 5% sample of US Medicare enrollees, so the 101 575 hospitalizations represent 2 031 500 total hospitalizations of Medicare enrollees cared for by these hospitalists from July 1, 2013 , to June 30, 2014 hospitalists followed longitudinally. We constructed a cohort of 3860 physicians in their first year working as hospitalists from either July 1, 2008 , to June 30, 2009 , July 1, 2009 , to June 30, 2010 , or July 1, 2010 , to June 30, 2011 , and who worked as hospitalists for at least the following 3 years. This allowed us to examine the outcomes of the same cohort of physicians as they gained experience over their first 4 years of practice. eTable 1 in the Supplement presents the patient and hospital characteristics as a function of whether hospitalist were in their first, second, third, or fourth year of experience. There were still small differences in characteristics by year of experience, and, given the large number of patients, many of these were statistically significant. The subsequent analyses controlled for all measured patient and hospital characteristics. Table 3 presents the 30-day and hospital mortality rates for the 84 947 admissions cared for by the 3860 hospitalists during their first 4 years of experience, stratified by whether they were in their first, second, third, or fourth year of hospitalist experience. Also presented are the mortality rates by patient and hospital characteristics and the odds of mortality There was a significant association between hospitalist experience and 30-day and hospital mortality. The major change occurred between the first and second year experience as hospitalists. Observed 30-day mortality was 10.50% for patients of first year hospitalists vs 9.97% for patients of hospitalists in their second year. In the multivariable analysis, the 30-day mortality odds for patients of second year hospitalists were 0.90 (95% CI, 0.84-0.96) compared with patients of first year hospitalists. The observed hospital mortality was 3.33% for patients cared for by first year hospitalists vs 2.96% for second year hospitalists. In the multivariable analysis, the odds of mortality was 0.84 (95% CI, 0.75-0.95) for patients cared for by hospitalists in their second vs their first year in practice. For both 30-day and hospital mortality, there was little change in odds of mortality between the second year and subsequent years of experience. We performed 2 sensitivity analyses. The first restricted the sample to the 2027 hospitalist who worked in only 1 hospital over the 4 years (eTable 2 in the Supplement). The results are similar to those found in the main cohort. In the second we further restricted the sample used in eTable 2 in the Supplement to hospital discharges with a medical diagnosis. Once again the results were quite similar to those found in the main cohort (eTable 3 in the Supplement).
The 83 831 admissions in Table 3 are a 5% sample of the 1 676 620 Medicare admissions for the 3860 hospitalists over their first 4 years of practice. Using the 0.90 adjusted odds of 30-day mortality for patients treated by second vs first year hospitalist, we estimate an excess 3856 deaths among the 367 280 admissions cared for by first year hospitalists, with 1957 of the excess deaths occurring during hospitalization.
Discussion
Most prior studies that have examined the association of physician experience with Medical processes or outcomes have compared longer categories of experience. For example, the "least experience" category in many studies is the first 5 years or longer. [15] [16] [17] [18] [19] The most common finding of such studies is that older physicians, defined by age or years since graduation, often do less well than younger and more recently trained physicians. 16, 17, 19, 20 For example, Southern et al 16 in a study of 59 physicians at one hospital found that patients of physicians with more than 20 years in practice had higher mortality compared with patients of physicians in practice for 0 to 5 years. 20 Similarly, Tsugawa et al 19 analyzed national Medicare data and reported that patients cared for by hospitalists who were younger than 40 experienced lower 30-day mortality than those cared for by older hospitalists. Few studies have looked at shorter lengths of experience. An exception is studies of postgraduate medical training, where investigators have compared hospital mortality, complications, and other outcomes in the first month(s) of the academic year vs those later in the year. While several studies found no differences, others showed worse outcomes for the new medical trainees and/or house staff. [21] [22] [23] [24] [25] An association of experience of hospitalists with mortality was found in the early prospective trial of hospitalist care conducted by Meltzer et al. 26 The trial was 2 years long and the investigators found significantly lower 30-day mortality in patients on the hospitalist service in year 2 of the trial but not year 1, compared with patients treated by nonhospitalists. In contrast, a 2-year observational study in one hospital by Auerbach et al 27 found no difference in mortality of patients cared for by hospitalists between years 1 and 2 but demonstrated improvements in efficiency. The average yearly turnover rate for hospitalists ranges from 13% to 22% in a report on hospitalist workload, with many returning to subspecialty postdoctoral fellowships.
28 Individual hospitals vary in the experience of their hospitalists.
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Hospitalists at academic hospitals appear to have briefer careers in that specialty.
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In our cross-sectional analysis of all hospitalists practicing during the July 1, 2013, to June 30, 2014, academic year (Table 2) , less experienced hospitalists were more likely to practice at large academic hospitals. Patients at such hospitals experience lower mortality than patients in community hospitals. 29 This would artifactually produce lower mortality rates for less experienced hospitalists. We addressed this bias in 2 ways. First, we restricted our analyses to a longitudinal cohort of physicians for whom we had 4 consecutive years' experience as hospitalists, starting with their initial year. We did this to minimize any selection bias involving differences in characteristics and outcomes between hospitalists who practiced for only a year or 2 vs those who practiced longer. Second, we used a multilevel analysis, with patients clustered within hospitalists and hospitalists within hospitals. This implicitly controls for differences in mortality across hospitals.
Limitations
The study has several limitations. It is an observational study, subject to selection bias. As noted, our method of following the same hospitalists over 4 years should minimize those biases. Also, the patient sample was limited to older patients with fee-for-service Parts A and B Medicare. Another limitation is that the method we used may underestimate the years of experience of the hospitalist, as we required at least 10 E&M charges in the 5% sample of Medicare data, with at least 80% of them for services to hospitalized patients. This means that a physician with few Medicare inpatients in a prior year or who devoted, for example, 60% time to hospital care and 40% to outpatient care, would not be counted as being a hospitalist for that year. However, a sensitivity analysis using 50% hospital care as the cut off had similar results. There are potential explanations of our findings other than lack of experience producing increased deaths. Less experienced hospitalists might be assigned less stable patients. Working in a new hospital with an unfamiliar environment might contribute to the excess mortality associated with first year hospitalists. Hospitalists might become better at coding diagnoses with experience, resulting in artificially lower adjusted mortality for their patients. To reduce this possibility, we did not include discharge diagnoses from the incident admission in assessing comorbidity.
The 21 612 hospitalists that we identified as practicing in 2013 is about half the number estimated by American Hospital Association surveys from that time. 30 This presumably reflects the data we used, Medicare fee-for-service patients, and the criteria employed, such as restricting the analyses to hospitalists who were general internal medicine, family medicine, or geriatric physicians. Hospitalists working predominantly in managed care or with younger patients would not be counted.
Our study has implications for future research, quality improvement and medical education. The worse outcomes for patients cared for by hospitalists in their first year of experience need further investigation into the factors that contribute to this finding. Many new hospitalists may experience dramatic change in their work environment after transitioning from residency. 31, 32 The faster pace and novel systems of hospital care may be difficult for physicians making a transition from primary care to hospital medicine. 
